Introduction {#sec1-1}
============

Fixed prosthodontics has undergone revolutionary change from a technically oriented discipline to one requiring application of biological principles and evidence based dentistry. Fixed partial dentures can transform an unhealthy, unattractive dentition to a comfortable, functional occlusion with enhanced esthetics.\[[@ref1]\]

In a fixed partial denture, abutment teeth need to be prepared to receive restorations and to provide support and retention for replacing missing teeth. In order to achieve adequate retention, resistance and thickness of the restoring material, around 1.5--2 mm of tooth structure needs to be removed.\[[@ref2]\] Preservation of natural tooth structure has always been the primary goal of the dental profession. In an attempt to provide functional, mechanically sound and esthetic restorations, attention to comfort during and after the procedure has often been overlooked.\[[@ref3]\] Preparation of vital teeth results in millions of dentinal tubules being exposed. Dentin permeability may cause damage to the underlying pulpal cells. This leads to an increased possibility of postoperative dentin hypersensitivity.\[[@ref4]\]

Hypersensitivity pain caused is transient, once the stimulus is removed; the pressure within the tubule returns to normal, and the pain subsides. The methods of treatment of dentin hypersensitivity are the tubular occlusion, blockage of nerve activity or remineralization.\[[@ref5]\] Bonding agents, varnish, fluoride treatment, calcium phosphate precipitation, oxalates, casein phosphopeptide (CPP)--amorphous calcium phosphate (ACP), LASER and Pro-Argin may be used as desensitizing agents.\[[@ref5][@ref6][@ref7][@ref8]\]

However, these agents would have an effect on the surface texture of the prepared teeth. This may directly affect the retention of luted full crowns.\[[@ref9]\] The aim of this study was to evaluate the effect of dentin desensitizers on the retention of complete cast metal crowns luted with glass ionomer cement.

Subjects and Methods {#sec1-2}
====================

This study was conducted on 50 freshly extracted, healthy, noncarious human premolars. The selected teeth were rinsed, scaled, polished and subsequently placed in 0.2% thymol in a closed container; for disinfection.\[[@ref10]\] The teeth were mounted in a cylindrical acrylic fixture 3 cm in height and 1.5 cm in diameter. Each acrylic fixture was numbered for identification from 1 to 50. They were placed in artificial saliva.\[[@ref11][@ref12]\] The computer numerically controlled milling machine was programmed to prepare each tooth of the following specific dimensions: 4 mm axial length, 20° convergence angle, flat occlusal surface and chamfer margin. As a result, identical tooth preparations were achieved of an average area of 58.8 mm.\[[@ref13]\] After preparation, the teeth were again stored in artificial saliva.

Five acrylic fixtures along with their respective prepared teeth were joined to each other using cyanoacrylate to form one unit. Cellophane and Spacer wax were adapted over the teeth. Autopolymerizing acrylic resin custom trays were fabricated over the prepared teeth for all 10 units. The custom trays were retrieved, the cellophane and spacer wax removed. Universal tray adhesive was applied in one thin layer on the entire inner surface of the tray and allowed to remain for 1 min. Accurate single step impressions\[[@ref14]\] with putty and light body polyvinyl siloxane, elastomeric material were made for all the teeth \[[Figure 1](#F1){ref-type="fig"}\]. The elastomeric impressions were boxed and poured in die stone to approximately 1 cm thickness and allowed to set. The casts were retrieved after an hour and individual dies were made for each tooth.\[[@ref15][@ref16]\] After the dies were completely dry, one coat of the die hardener was applied to each die, followed by three coats of die spacer to allow space (25 μ) for the luting agent.\[[@ref9][@ref17]\] The die spacer was kept 1 mm short of the finish line to allow intimate adaptation of the wax pattern at the margins.\[[@ref18][@ref19]\] A dip in wax method was used to fabricate the wax pattern of 1 mm thickness.\[[@ref9][@ref10]\] On the center of the occlusal surface of the wax pattern, a 10 mm diameter ring made of uniform thickness of sprue wax was attached \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref18]\] The ring would be cast in metal as part of the crown, which would enable testing of the samples on the Universal Testing machine. This procedure was followed for all the 50 dies.

![Boxed elastomeric impression of the prepared teeth](CCD-6-45-g001){#F1}

![Fabricated wax patterns](CCD-6-45-g002){#F2}

Wax sprues and reservoirs were attached to the wax patterns and invested in phosphate bonded investment. Ringless casting procedure was carried out. The investment was placed in the burn out furnace. The burn out furnace raised the temperature to 930°C over 2½ h. Casting was carried out in nickel-chromium alloy in an induction casting machine following standardized casting procedure.\[[@ref20]\] After the casted investment were bench cooled, the castings were retrieved and cleaned using air-abrasion with 50 μ aluminum oxide particles. The castings were checked for their fit on their respective dies followed by finishing and polishing \[[Figure 3](#F3){ref-type="fig"}\]. They were evaluated for adequate fit on the teeth using a stereomicroscope. Castings with discrepancies more than 120 μ were discarded. The procedure was repeated until all castings fit the prepared teeth adequately.

![Fabricated cast metal crowns](CCD-6-45-g003){#F3}

The 50 teeth in their acrylic fixtures were grouped into five groups of 10 teeth each.

Control {#sec2-1}
-------

No desensitizing agent. The first group of 10 teeth were not treated with any desensitizing agent hence they had virgin dentin to which the crowns would be luted.

Glutaraldehyde {#sec2-2}
--------------

Glutaraldehyde (GLU) based primer (Gluma Desensitizer, Haraeus Kulzer). The second group of 10 teeth were rinsed with water and dried with gentle air spray. One coat of the GLU based primer was applied to the teeth using an applicator tip and allowed to act for 30 s. Then, the dentinal surface was dried with air spray. This procedure was repeated once again and then rinsed with water.\[[@ref6][@ref21]\]

Casein phosphopeptide-amorphous calcium phosphate {#sec2-3}
-------------------------------------------------

Casein phosphopeptide-ACP (GC Tooth Mousse, Recaldent Tooth Mousse, GC). A pea sized amount of GC Mousse was applied evenly over the entire surface of the 10 teeth in the third group with a gloved finger. It was allowed to act for 3 min and then kept in contact with artificial saliva for 30 min by placing the teeth in a gauze piece soaked in artificial saliva.\[[@ref22]\] After 30 min, the teeth were removed from the gauze and were ready for testing.

LASER: Erbium, chromium: YSGG laser (Waterlase MD Turbo, Biolase) {#sec2-4}
-----------------------------------------------------------------

The laser was programmed to provide settings for treatment of dentin hypersensitivity: Wavelength 2,780 μ, 0.5 W potency, and 30 Hz frequency. The laser was applied from a distance of 5 mm perpendicular to the tooth surface. The laser was slowly moved along all the surfaces of the tooth for 15 s.\[[@ref3][@ref23]\] This cycle was carried out totally three times for 10 teeth of the fourth group.

ARG: Pro-Argin (Colgate Sensitive Pro-Relief in-office polishing paste) {#sec2-5}
-----------------------------------------------------------------------

A rotary rubber cup mounted in a contra-angle micromotor hand piece was filled with the paste which was dispensed in a dappen dish. The paste was burnished into each tooth for 3 s at a moderate speed of 30,000 rpm. The rubber cup was reloaded with paste, and this procedure was carried out three times and then rinsed with water.\[[@ref24][@ref25]\]

After desensitizing treatment of the teeth was carried out, the individual acrylic fixtures were separated. Prior to cementation, each prepared tooth in its acrylic fixture was placed in the base clamp of the Universal testing machine. The inner surface of each of the 50 cast metal crowns was coated with glass ionomer luting cement-GC Fuji I capsule in preweighed capsules mixed in an automated cement mixer and ejected from a GC Capsule Applier. Each casting was hand seated. After seating, the opposing shaft of the clamp of the universal testing machine was lowered, and a load of 5 kg was applied for a period of 10 min.\[[@ref9]\] Excess set cement was removed from each casting margins with a straight probe. Varnish\[[@ref26]\] was applied at the area of the luted margin with an applicator tip to prevent moisture contamination. All 50 samples with luted crowns were stored at 37°C at 100% relative humidity in a humidifier for 48 h before testing.\[[@ref27]\]

The 50 ready samples were removed from the humidifier. Each sample was placed in the base clamp fastened on the universal testing machine. A hook was placed in the opposing clamp. Each sample was aligned such that the hook passed through the metal loop attached to the occlusal surface of the metal crown. A tensile load was applied at the cross-head speed of 0.5 mm/min and was increased till the crown was debonded.\[[@ref28]\] The load values required to debond the crowns from each of the 50 samples were recorded, and stresses were calculated.

Results {#sec1-3}
=======

The values obtained were in units of KgF (Kilogram Force) and were converted into Megapascals (MPa) using following formula:

![](CCD-6-45-g004.jpg)

There is one independent variable with five levels - Control, GLU based primer, CPP-ACP, Laser, and Pro-Argin. There is one dependent variable: Tensile stress (MPa). Hence, the comparisons between levels were made using One-way ANOVA. This was followed by Scheffe *post-hoc* test. Level of significance was *P* \< 0.05.

The mean tensile stress is highest for ARG (4.10 MPa), followed by CPP-ACP (4.01 MPa), GLU (3.87MPa), Control (3.65 MPa) and LASER (3.37 MPa).

The result of One-way ANOVA presented in [Table 1](#T1){ref-type="table"} indicates that the mean tensile stress of at least one group differs significantly from one of the remaining groups \[[Figure 4](#F4){ref-type="fig"}\]. *Post-hoc* Scheffe test in [Table 2](#T2){ref-type="table"} shows that the mean tensile stress (MPa) for CPP-ACP and Pro-Argin are similar. Laser, Control, and GLU based primer are similar whereas, the mean tensile stress for Laser differs significantly.

###### 

One-way ANOVA test of tensile stresses (MPa)

![](CCD-6-45-g005)

![Statistical comparison of tensile stresses](CCD-6-45-g006){#F4}

###### 

Scheffe multiple comparisons between the mean tensile stresses (MPa)

![](CCD-6-45-g007)

Discussion {#sec1-4}
==========

This study evaluated the effect of dentin desensitizers on the retention of complete cast metal crowns luted with glass ionomer cement. The average amount of force required to debond the crown per unit surface area (tensile stress) was the least for erbium, chromium (Er: Cr) YSGG Laser (3.37 MPa) and maximum for Pro-Argin (4.10 MPa). The mean values of tensile stresses in the study show that there is a significant difference in the effect of various dentin desensitizers on the surface of teeth prepared to receive complete cast metal crowns.

The comparative evaluation of the above materials is possible only with a clear protocol, which is discussed below. The major difference between previous studies was the ambiguity of standardization of tooth preparation. Various methods have been used for producing tooth preparations of exactly the same dimension. Johnson *et al*.\[[@ref29]\] used a parallel-sided diamond bur with a rounded tip to prepare the axial surfaces of the tooth (secured vertically in a jig) which was rotated against the diamond bur on a Ney\'s surveyor base. Yim *et al*.\[[@ref9]\] used a custom-made pantograph. Sipahi *et al*.\[[@ref6]\] used a parallel preparation unit. The tooth preparation in this study was carried out by computerized numerical controlled milling. This ruled out human error that could have been caused in previous studies.

The teeth were prepared to simulate ideal clinical situation for mechanical adhesion. If teeth were prepared with the ideal 6° angle of convergence, the resistance to crown removal would increase significantly for any cement. This study assessed the effect of the dentin desensitizers on casting retention and did not confound the results by giving ideal convergence. Previous studies have used a restricted angle of convergence of 4.8, 6--10°, which alone provided significant casting retention. Hence a 20° angle of convergence was chosen for this study. In this manner, the contribution of the cement to retention of castings was better assessed.\[[@ref29]\] The prepared teeth were stored in artificial saliva to simulate the natural environment of the teeth.

In order not to contaminate the surface of the prepared teeth, custom trays were fabricated over the teeth using cellophane sheet as a spacer. The impressions were made in a custom tray. The material used was polyvinyl siloxane due to its accuracy and ease of use.\[[@ref14]\] The impressions were poured in die stone and retrieved. After the wax patterns were fabricated, casting was done with the ringless procedure as it is deemed to be more accurate.\[[@ref30]\] The marginal fit of the metal castings was evaluated under the stereomicroscope and only well-fitting castings were used in the study.

The desensitizers used in this study have different modes of action and hence different effects on the dentin surface. Gluma desensitizer product contains 5% GLU and 35% hydroxyethyl methacrylate. The hypothesis for the immediate occlusion of the dentin tubules is an effect of GLU on the proteins of the dentinal fluid. In the reaction of GLU with dentin, the two groups of aldehydes present in GLU interlace themselves with the amino groups of dentin collagen, leading to a fixing of proteins, forming a barrier.\[[@ref31]\] Johnson *et al*. in 1998,\[[@ref29]\] concluded that the use of the GLU-based system as a desensitizing treatment for prepared teeth had no effect on crown retention for zinc phosphate, glass ionomer cement or resin cement. Yim *et al*.\[[@ref9]\] in 2000 concluded that use of a Gluma desensitizer significantly reduced crown retention strength when using a resin cement, glass ionomer, or zinc phosphate cement. In this study, the mean tensile stress is 3.87 MPa which is lower than Pro-Argin and CPP-ACP; and higher than the control and LASER.

Application of ACP and CPP in GC tooth mousse on dentine surfaces was able to reduce dentin sensitivity and enhance remineralisation of artificial-formed dentine lesions. The mechanism of this action may be the phosphopeptide casein and calcium phosphate components which stabilize calcium phosphate on tooth surface, thus maintaining a high concentration gradient of calcium and phosphate ions, promoting thus remineralization of hard tissues.\[[@ref32]\] This study showed the tensile stress of CPP-ACP to be 4.01 MPa which is second only to Pro-Argin.

Sipahi *et al*.\[[@ref6]\] in 2007 conducted a study, which concluded that if crown retention can be moderately sacrificed Laser would be a better option as a dentin desensitizer. Lasers have been recently proposed for the in-office treatment of dentin hypersensitivity and the exact mechanism of action not clearly understood. Middle-output-power lasers (Er: YAG, Nd: YAG, and Er, Cr: YSSG) may reduce or obliterate the dentinal tubules.\[[@ref8]\] For Er: YAG and Er, Cr: YSSG, the efficacy in reducing dentin hypersensitivity is thought to be related to the thermo-mechanical ablation mechanism and to the high absorption of their wavelengths by water.\[[@ref33][@ref34][@ref35]\] These effects may lead to the evaporation of the superficial layer of dentinal fluid, reducing the flow within the dentinal tubules. Lasers are also used for etching purposes at power of 1--2 W whereas for desensitizing purposes at 0.5 W.\[[@ref36]\] Hence it may be possible that a variation in wattage may bring about better results than before.

Pro-Argin present in Colgate Sensitive Pro-Relief plays a role in naturally reducing dentin hypersensitivity. It has been shown to physically plug and seal exposed dentin tubules and to effectively relieve dentin hypersensitivity.\[[@ref25]\] In this study, around 4.10 MPa was required to debond the crowns from the Pro-Argin treated teeth.

The luting agent used in this study was glass ionomer cement. Glass ionomer cement is a popular choice for luting metal restorations as it relies on mechanical retention to surface irregularities and chelation bond to tooth structure.\[[@ref9][@ref37]\]

This study is an *in vitro* study, hence the subjective desensitizing effect of the desensitizers on vital teeth can be determined only in a clinical situation. Glass ionomer cement has been used in this study. Resin modified glass ionomer cement and resin cement may be used in further studies.

There are many clinical implications of the results of this research. When using glass ionomer cement for luting cast metal crowns to prepared teeth treated with desensitizing agents, the amount of force required per unit area to debond the crown is Pro-Argin \> CPP--ACP \> GLU based primer \> Er: Cr, YSGG LASER.

Conclusion {#sec1-5}
==========

Prepared dentin treated with ErCr: YSGG laser (Waterlase MD Turbo) had the least retention of complete cast metal crowns luted with glass ionomer cement. Pro-Argin showed the best retention of complete cast metal crowns luted with glass ionomer cement compared to CPP-ACP, GLU based primer, virgin dentin and Laser. On comparing the effect of prepared virgin dentin, GLU based primer, CPP-ACP, LASER and Pro-Argin on the retention of complete cast metal crowns luted with glass ionomer cement on prepared teeth, it can be concluded that Pro-Argin and CPP-ACP showed the best retention in this *in vitro* study.
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